If an animal experiences gastrointestinal malaise after eating a novel feed, it develops a dislike for the feed called a conditioned flavor aversion (C FA). Understanding flavor aversions is important for diet-training procedures, understanding animal responses to poisonous plants, and preparing animals for new foraging environments. Our research objectives were to determine how variation in 1 ) flavor concentration (oregano) and 2 ) dose of gastrointestinal toxin (lithium chloride; LiCl) affected the establishment of CFA in lambs. In a series of experiments feeding lambs ground grains mixed with oregano, we examined how the formation of a CFA to one ground
Introduction
Grazing animals have several mechanisms to prevent them from over-ingesting toxic plants. For instance, ruminants generally sample novel feeds cautiously, a phenomenon known as food neophobia (Chapple and Lynch, 1986) . If gastrointestinal malaise does not follow feed ingestion, ruminants generally increase intake of the new feed over time (Chapple and Lynch, 1986; Chapple et al., 1987) . However, if animals become ill (i.e., experience gastrointestinal malaise) after eating a novel feed they avoid the feed and form a dislike for the feed termed a conditioned flavor aversion (CFA; Burritt and Provenza, 1989; Lane et al., 1990; Provenza et al., 1992) . In addition, animals also avoid novel feeds that taste similar to familiar aversive feeds (Launchbaugh and Provenza, 1993 that contain poisonous plants. However, food neophobia and CFA can cause production losses when the management goal is for animals to quickly accept new feeds (e.g., when animals are placed on improved pasture or in feedlot; Ortega-Reyes et al., 1992) . Therefore, livestock management requires an understanding of the properties of flavor or illness that influence food neophobia, conditioned aversions, and the generalization of aversions. Many common livestock management practices such as vaccination or parasite control may induce gastrointestinal malaise and therefore affect intake of novel feeds. Additionally, livestock diets are generally formulated to meet animal nutrient demands with little attention to how the flavor of the diet may influence its initial acceptance. In this paper we examine how variation in flavor concentration, and dose of a gastrointestinal toxin affect the establishment and generalization of a CFA and the acceptance of novel feeds in lambs.
Materials and Methods
We used 78 crossbreed lambs (both male and female) of Columbia, Rambouillet, Suffolk, Targhee, and Finnish Landrace breeds obtained as 3-to 7-d-old orphans from the U.S. Sheep Experiment Station at Dubois, ID. Lambs were fed a commercial milk-replacer diet until 2.5-wk of age and then were weaned to a mix of ground alfalfa, soybean meal, milo, and molasses. Lambs were exposed to only these feeds before the research. When the treatments were applied, lambs were approximately 4 mo old and had a mean live weight of 31 kg (SE = .6).
Lambs were randomly assigned to one of three experiments ( 2 6 lambdexperiment) conducted simultaneously. The experiments were designed t o examine how flavor concentration (percentage of oregano added to feed) and dose of a gastrointestinal toxin (lithium chloride; LiC1) influenced 1 ) the acquisition of a CFA, 2 ) the generalization of a CFA to another feed with a similar flavor, and 3 ) the acceptance of a novel feed. All experimental feeds were ground grains; thus, similarity or novelty refers only to flavor, not form. The average weights of lambs in each experimental group were similar. Each experiment was a 2 x 2 factorial with two levels of flavor and toxin dose.
We used LiCl to induce CFA in these experiments. There are hundreds of compounds that are known to elicit CFA, including, secondary metabolites that occur naturally in plants and synthesized compounds such as several drugs (Riley and Tuck, 1985) . Also, events such as disease, motion, or x-ray radiation that cause nausea can result in CFA (Garcia et al., 1985) . It is believed that, in these instances, CFA result from the activation of the emetic system, which then causes internal malaise (Grant, 1987) . Lithium chloride seems to function in this manner because the administration of antiemetic drugs attenuates LiC1-induced aversions in lambs (Provenza et al., unpublished data) . Therefore, we believe that LiCl causes malaise similar to the malaise caused by excessive ingestion of other compounds or by nausea-causing events.
Adjustment Period. Lambs were penned individually 12 d before data collection to allow them to adjust to the pens and feeding schedule. Wire pens (approximately 3 m2 in area) were set side-by-side to allow social contact between adjoining pens. Each lamb was given ad libitum access to alfalfa pellets each day for 1 h in the morning (0700) and for 1 h in the evening (1700). To prepare lambs to accept a novel feed during the experiment, they were offered 300 g of a novel feed for 5 min each day at 1100. Lambs were offered one of four novel feeds (Calf Manna3, cracked corn, whole rice, or wheat bran) for three consecutive days, then each lamb was offered another of the novel feeds. During the 12-d adjustment period each lamb was exposed to all four novel feeds. lambs selected for this experiment ( n = 26) were offered alfalfa pellets in the morning and evening as they had been during the adjustment period. At 1100, half the lambs were offered 250 g of ground barley with 1% ground oregano by weight and the other half received 250 g of barley with 3% oregano (Figure 1) . Preliminary experiments indicated that these concentrations of oregano were not aversive to lambs. Coworkers who tasted the oregano-flavored barley described mixtures containing 1 and 3% oregano as having a "slight" and "strong" oregano flavor, respectively.
Thirty minutes after exposure to oregano-flavored barley lambs were given either 100 or 225 mgkg BW of LiCl in a gelatin capsule administered orally (Figure 1 ). Lithium chloride, at these two dosages, is a nonlethal gastrointestinal toxin that produces mild or strong CFA in lambs, respectively (duToit et al., 1991) . Two lambs were removed from this experiment because they ate < 10 g of oregano-flavored barley. This resulted in six lambs that ate barley with 1% oregano and received the high dose of LiC1, six lambs that ate barley with 1% oregano and received the low dose of LiC1, six lambs that ate barley with 3% oregano and received the high dose of LiCl, and six lambs that ate barley with 3% oregano and received the low dose of LiCl.
On the 2nd d of the trial lambs were fed their basal diet of alfalfa pellets but no testing was conducted to allow full recovery from any proximal effects of LiC1. The test was conducted at 1100 on the 3rd and 4th d of the trial when each lamb was offered 250 g of ground barley with the same concentration of oregano it had previously consumed to examine the strength of CFA to oregano-flavored barley (Figure 1 ).
Experiment 2: Generalization of a Conditioned Flavor Aversion. The LiCl conditioning procedure was the same as in Exp. 1 (Figure 1) . Again, two lambs were removed from the experiment because they consumed e 10 g of oregano-flavored barley. The test was conducted on d 3 and 4 of the trial when all lambs ( n = 24) were offered oregano-flavored wheat, rather than oregano-flavored barley (Figure l) , to determine whether lambs generalized a CFA from barley to a new feed, wheat, when both contained oregano.
Experiment 3: Acceptance of a Novel Feed. In this experiment, 26 lambs were offered 250 g of ground barley without oregano for 5 min on d 1. Two lambs were selected at random and removed from the experiment to equalize the sample size between experiments. After ingestion of barley, 12 lambs received 100 mgkg and 12 received 225 mgkg BW of LiCl (Figure 1 ). On the 3rd and 4th d of the experiment, six lambs that had received the low LiCl dose were offered 250 g of wheat with 1% oregano and the other six lambs were offered wheat with 3% oregano. Similarly, the lambs that received the high dose of LiCl were offered wheat with either 1% (six lambs) or 3% (six lambs) oregano (Figure 1) .
Statistical Analysis. The effects of flavor concentration, LiCl dose, and their interaction on the intake of the test feed (the feed offered on d 3 and 4 ) were examined for each experiment with a repeated measures factorial ANOVA using SAS for personal computers (SAS, 1991). Data from all experiments were combined into an overall ANOVA to compare intake in the three experiments. The two-way and three-way interactions between experiment, flavor concentration, and toxin dose were included in the overall ANOVA.
Results and Discussion
In all experiments lambs ate more ( X = 27.4 g ) of the test feed on the 4th d than on the 3rd d of the trial. The results of the 4th d are not presented because AND PROVENZA treatment effects did not change from d 3 to 4 and the primary goal of the experiments was to examine the initial acceptance of the test foods. The experiments were terminated after d 4.
Influence of Flavor Intensity. The concentration of oregano in feed did not influence grain intake in the CFA ( P = .690; Exp. 1, Figure 2 ) or generalization ( P = .468; Exp. 2, Figure 2 experiments. However, flavor concentration influenced the acceptance of a novel feed ( P = .008; Exp. 3, Figure 2) . Lambs consumed less wheat with 3% oregano than wheat with 1% oregano. There was no interaction between LiCl dose and flavor concentration.
Some argue that poisonous plants should evolve strong tastes and odors to advertise toxicity (Rhoades, 1979; Eisner and Grant, 1981) . This implies that plants with certain strong flavors may gain an antiherbivore advantage because herbivores may find them initially unacceptable, a n idea supported by Exp. 3. Research with rats indicates that CFA are difficult to establish to weak or nonsalient flavors such as vanilla in water (Kalat and Rozin, 19701 , but that stronger flavors, such as strong salt solutions, result in stronger aversions (i.e., greater avoidance of the solution; Dragoin, 1971; Nowlis, 1974) . Our results do not support this contention. Rather, our results suggest that after a feed is sampled, flavor intensity may not influence the formation of a conditioned aversion. However, it is plausible that the concentrations of oregano used in this experiment were not low, high, or different enough to detect a concentration effect.
Toxin Dose. The dose of LiCl influenced the formation of a CFA ( P = .003; Exp. 1, Figure 3 ) , the generalization of that aversion ( P = .004; Exp. 2, Figure 3 ) . There was no interaction between LiCl dose and flavor concentration.
The dose of LiCl affected the formation of a CFA to oregano-barley and the consumption of a new feed (wheat) with a similar flavor (oregano). This can be interpreted as a generalized aversion based on a common flavor (oregano) because overall intake of lambs in the CFA experiment did not differ from lambs in the generalization experiment ( P < .05). Lambs in Exp. 3 (novel acceptance experiment) ate more than lambs in Exp. 1 or 2.
Implications
These results are particularly relevant to situations in which the immediate acceptance of novel feeds is desired such as when animals are received into feedlot. Delayed acceptance of receiving diets may decrease weight gain and increase susceptibility to disease. Adding strong flavors to novel feeds may decrease their acceptance. Therefore, it is important to consider the flavor of feed additives incorporated into processed feeds. It is also important to avoid incidences that cause gastrointestinal malaise in the
